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ARTICLE INFO ABSTRACT

Keywords: Background: High speed of COVID-19 vaccination has raised some concerns about the safety of the new vaccines.
COVID-19 It is of a great importance to perform a review of the safety and efficacy of the COVID-19 vaccines.
SARS-CoV-2 Methods: Two International electronic databases (PubMed, ISI) were searched for clinical trials reporting efficacy
::f‘;;se events and safety of COVID-19 vaccines compared to control group. Pooled risk ratio (RR) for total, systemic and local
Efficacy adverse events following immunization was calculated for different vaccine modalities.

Results: The pooled RRs of total adverse reactions for Inactivated, mRNA, and vector vaccines were 1.46 (95% CI:
1.19-1.78), 2.01 (95% CIL: 1.82 - 2.23), and 1.65 (95% CIL: 1.31 — 2.32) respectively. The pooled RR for
occurrence of systemic adverse reactions following immunization for different vaccine modalities was 1.13 (95%
CL 0.79 - 1.61), 1.53 (95% CI 1.08 - 2.16), 1.58 (95% CI: 1.13 - 1.90), 0.72 (95% CI: 0.34 — 1.55), and 1.62
(95% CI: 1.39 - 1.89) for inactivated vaccine, mRNA, vector, DNA, and protein subunit vaccines respectively.
The pooled RR of local adverse event following immunization with inactivated vaccine, mRNA vaccine, vector
vaccine, DNA vaccine, and protein subunit vaccine was 2.18 (95% CIL: 1.32 — 3.59), 4.96 (95% CI: 4.02 - 6.11),
1.48 (95% CI: 0.88-2.50) 1.04 (95% CI: 0.12-8.75), and 4.09 (95% CI: 2.63-6.35) respectively.

Conclusion: mRNA vaccines are associated with greater risk of adverse events following immunization. However,
at the present moment the benefits of all types of vaccines approved by WHO, still outweigh the risks of them and

vaccination if available, is highly recommended.

1. Introduction

The coronavirus disease 2019 (COVID-19) pandemic is caused by
severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2). The
first case of COVID-19 was reported in December 2019 [1]. Since then
and until June 15, 2021, more than 175 million COVID-19 cases,
including over 3.8 million deaths, were reported all around the world
[2]. The COVID-19 pandemic is a global crisis and imposes a devastating
health, social and economic burden on worldwide health systems [3,4].
The COVID-19 pandemic has a remarkable negative impact on people’s
lives, both at the individual and social levels. Since the pandemic has
started many psychological, health and economic problems and health
behaviour changes have resulted [5-8]. The pandemic is changing
rapidly and strategies to maintain clinical preventive services, including
immunization is required in order to avoid overloading health systems
and their subsequent consequences [9-11].
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Nearly a year after the outbreak of COVID-19, the World Health
Organization (WHO) issued the first Emergency Use Listing (EUL) for the
first vaccine. The WHO has approved or is currently reviewing the ef-
ficacy and safety of more than 100 vaccines of different modalities [12].
Since then, numerous countries have started mass vaccination programs
and vaccination is strongly recommended if available. In addition, a
previous study suggested that 53%-84% of COVID-19 vaccination
coverage is needed to achieve herd immunity [13]. The high speed of
COVID-19 vaccination development has raised some concerns about the
safety of these new vaccines. Information on COVID-19 vaccines safety
is not reported accurately and scientifically by some media, which might
increase vaccine hesitation in the public and hinder mass immunization
[14].

For this reason, it is of great importance to perform an analysis of the
safety and efficacy of the COVID-19 vaccines. In addition, reviewing the
safety profile of COVID-19 vaccines will inform the clinicians about
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potential safety issues and provide the necessary data for decision-
makers to evaluate vaccination strategies around the globe. Current
evidence about the safety of COVID-19 vaccines mainly comes from the
results of clinical trials. Therefore, we performed a meta-analysis of the
available clinical trials to determine the risk and clinical features of
adverse reactions following immunization of the COVID-19.

2. Methods

The current meta-analysis is conducted based on the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA)
guidelines [15]. The targeted outcome was the pooled risk ratio (RR) to
examine the effect of vaccination on occurring adverse events following
immunization compared to control or placebo group, total number of
healthy individuals to receive vaccination for COVID-19, total number
of healthy individuals to receive placebo or control, total number of
cases with any adverse events following injection of COVID-19 vaccine,
total number of cases with any adverse events following injection of
placebo, number of cases with systemic adverse events following
vaccination for COVID-19, number of cases with systemic adverse events
following receiving placebo, number of cases with local adverse events
following vaccination for COVID-19, number of cases with local adverse
events following receiving placebo, number of cases with single local
(swelling, pain and erythema at the site of injection) and systemic
adverse events (fever, fatigue and headache) following vaccination for
COVID-19, number of cases with single local (swelling, pain and ery-
thema at the site of injection) and systemic adverse events (fever, fatigue
and headache) following receiving placebo. Clinical trial studies -
including phase I, II and III - were eligible for inclusion.

2.1. Search strategy

Two International electronic databases (PubMed, ISI) were searched
from the first time available to 29 September 2021. The following sets of
key terms were used for searching international databases: 1) COVID-19,
2019-nCoV, severe acute respiratory syndrome coronavirus 2, SARS-
CoV-2; 2) adverse event, safety; 3) vaccine (Appendix I). No language,
time or type of study limitation was applied in the search process. It
should be noted that we updated our systematic search on 16 May 2022
to include other recent studies.

2.2. Eligibility criteria

We included studies that provided data on the frequency of occur-
rence of adverse events following immunization, based on vaccination
status (vaccinated or controlled). We included studies where the efficacy
and safety of the COVID-19 vaccination is the main outcome. We
excluded the studies that have one or more of the following criteria: 1)
Studies on any species of SARS other than SARS-CoV-2; 2) observational
studies (cross-sectional and cohort studies), case reports, case series,
systematic review, meta-analysis, grey literature, 3) Studies with no
control group, 4) studies that number of cases with adverse events are
not stratified into vaccinated and controlled group; 5) studies on specific
groups of population with a disease rather than healthy individuals; 6)
full text in any language other than English.

2.3. Screening, data extraction, and quality assessment

Two researchers (HK, HA) screened the titles and abstracts of all
records that was retrieved from online databases, independently.
Eligible full texts were selected. The full-texts were screened for data of
interest mentioned above and if they did not meet any exclusion criteria,
data were extracted in the Excel sheet. The extracted data were assessed
by a third reviewer. The following data was extracted from included
studies: bibliometric information (name of the first author, year of
publication), name of the vaccine, type of the study and the phase of the
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clinical trial, number of total vaccinated and controlled cases, number of
cases with adverse events in each group, the mean or median age of
patients, percentage of male cases in the study and the most common
type of systemic and local adverse events reported. Any Disagreements
during the process were resolved by the fourth researcher.

2.4. Statistical analyses

For data analysis, we used meta package in the R statistical software
(version 4.1.1) [16]. The RR of adverse events (Total, systemic and
local) following immunization was calculated with a 95% confidence
interval (CI) for all studies. After that, the pooled risk ratio was esti-
mated using Mantel-Haenszel Method. The random-effects model was
used for calculating pooled risk ratio [17]. In this study subgroup
analysis was used to report pooled RR for different vaccine modalities
(inactivated, mRNA, vector and protein subunit vaccine) separately. The
pooled RR of adverse events (Total, systemic and local) following im-
munization was reported with 95% CIL. The forest plot was used to
graphically represent the result of conducted subgroup meta-analysis
and calculated RR for individual studies. The I2 statistic was used to
examine the heterogeneity in the included studies for each subgroup of
vaccines. A value of more than 75% was considered as significant het-
erogeneity. The I2 value represents the percentage of total variation
among studies due to heterogeneity. Publication bias was assessed
through funnel plot. Any asymety in plot was considered as publication
bias.

3. Results

Fig. 1 presents the study selection for the current meta-analysis. In
the PubMed and ISI database, 1978 and 1070 records were found by the
search strategy reported in methods. After the removal of duplicate
studies, 2568 records were retrieved from online databases. Title and/
or abstract of these records were screened for finding eligible studies. In
this process, 30 studies were fulfilled the inclusion criteria for full-text
review. Elven of these full-texts, were excluded because 1) five studies
had insufficient data, 2) four studies had no control (or placebo) group,
3) three studies tested the efficacy of vaccine on HIV positive patients.
After Finally, nineteen studies were included in our study [18-36]. The
characteristics of the selected studies are shown in Tablel.

Six of these 19 studies were on inactivated type of vaccine, five on
mRNA vaccines, three on vector vaccines, one on DNA vaccines, and
four on protein subunit vaccines. The largest group was mRNA vaccines
consisting of 3754 subjects receiving inactivated vaccine, with a total of
1134 control cases. 59,986 subjects received mRNA vaccine with 59,222
cases as control. A total of 65,622 subjects (including booster dosage of
vaccine) received vaccination for COVID-19 and 61,376 subjects were in
control group and received placebo. 1429 subjects received vector
vaccine with 916 cases. Protein subunit vaccine was consisted of 1370
subjects in vaccine group and 379 control or placebo cases. Also, 1371
subjects received DNA vaccine and 1410 subjects received placebo.

Most of the studies (nine studies) reported the result of the clinical
trials phase I and II together. Three studies reported the results of phase I
clinical trial, three studies were phase II and III each and one study re-
ported the results of a phases II/III clinical trial. Among the included
studies, seven studies were conducted in China [19,28-33]; three studies
in the United States [18,23,27]; two in the United Kingdom [20,25]; one
inIran [36], one in Japan [35], one in India [34], one in Europe [22] and
two in Australia [21,26]. One study was from multiple centers including
the United States, Brazil, Argentina, Germany, Turkey and South Africa
[24].

Among the 16 included studies, 10 studies reported the incidence of
total adverse reactions, 10 reported the incidence of systemic and local
adverse reactions, and 15 studies reported the incidence of single
adverse reactions including pain, swelling, erythema, fatigue, headache
and fever.
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Fig. 1. Flow diagram of the study selection.

3.1. Total adverse events

The pooled meta-analysis of RR of any adverse reactions following
immunization for different vaccine modalities which contained 19
clinical trials is shown in Fig. 2. The pooled RRs of total adverse re-
actions for Inactivated, mRNA and vector vaccines were 1.46 (95% CI:
1.19-1.78), 2.01 (95% CI: 1.82 — 2.23) and 1.65 (95% CI: 1.31 - 2.32)
respectively. The RR of occurrence of any adverse reaction was least for
inactivated vaccine and highest for mRNA vaccines (see Fig. 3 and
Fig. 4).

3.2. Systemic adverse reaction

The pooled RR for occurrence of systemic adverse reactions

following immunization for different vaccine modalities was 1.13 (95%
CL: 0.79 - 1.61), 1.53 (95% CI 1.08 — 2.16), 1.58 (95% CI: 1.13 - 1.90),
0.72 (95% CIL: 0.34 - 1.55), and 1.62 (95% CI: 1.39 — 1.89) for inacti-
vated vaccine, mRNA, vector, DNA, and protein subunit vaccines
respectively. The RR of occurrence of systemic adverse reactions
following inactivated vaccine was not statistically significant. The most
common types of systemic reactions were fever, fatigue and headache
and the most common type of local adverse events were pain, redness
(erythema) and swelling at the site of injection. We separately calculated
the pooled RR of occurrence of any of these reactions for different types
of vaccines. Pooled RRs of single systemic adverse reactions to the
inactivated vaccines was 1.23 (95% CI: 0.77-1.96), 0.85 (95% CI:
0.55-1.29) and 0.97 (95% CI: 0.45-2.07) for fever, fatigue and headache
respectively. which were not significantly different from that of the
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Table 1
Characteristics of included studies.
Author, Year Name of the Study design Controlled/ Age (year), Male% Local reactions Systemic reactions
Vaccine vaccinated
subjects
Xia, 2020 [30] BBIBP-CorV Randomized double- 80/240 Mean age: 42.8 Male: 37.5% Pain itching redness Fever, coughing diarrhea,
blind placebo-controlled swelling fatigue headache, pruritus
phase I/1I trials nausea, vomiting
Xia, 2020 [31] CoronaVac- Randomized double- 160/480 Mean age: 45.3 Male: 45.7% Pain itch redness Fever, fatigue inappetence,
Wuhan blind placebo-controlled swelling rash nausea, diarrhea, joint pain,
studies phase 1/11 trial Headache, Vomiting
Xia, 2020 [29] BBIBP-CorV Randomized double- 160/480 Age range: 3-18 Male: 51% Pain itch redness Fever, fatigue inappetence,
blind placebo-controlled swelling rash nausea, diarrhea, joint pain,
studies phase 1/11 trial Headache, Vomiting
Zhang, 2020 CoronaVac Double-blind 167/576 Mean age:42.4 Male: 44.6% Pain swelling redness Fatigue, diarrhea fever, muscle

[32] randomized placebo- discoloration pain, headache, nausea, cough,
controlled phase I/1I hypersensitivity
clinical trial

Wu, 2021 [28] CoronaVac Double-blind 73/498 Mean age: 66.5 Male: 48.9% Pain swelling erythema Fatigue, diarrhea fever, muscle
randomized placebo- pruritus pain headache, nausea cough,
controlled phase I/11 hypersensitivity
clinical trial

Che, 2020 Double-blind 150/600 Mean age: 39.2Male: 37.7% Pain Redness Swelling Fever, Fatigue Diarrhea,

[19] randomized placebo- Itch Hypersensitivity/urticaria,
controlled phase II Cough, Nausea Vomiting
clinical trial Mucosal abnormality

Kremsner, CVnCoV Randomized, double- 30/120 Mean age: 45.8 Male: 42.8% Pain redness swelling Headache, fatigue myalgia,,

2021 [22] blind, placebo-controlled nausea/vomiting, diarrhea
phase I

Zhu, 2020 Ad5-vectored  Randomized double- 126/382 Mean age: 39.7 Male: 50.0% Pain swelling redness Fever, headache, fatigue,

[33] blind placebo-controlled induration itch vomiting, diarrhea, muscle
phase II trial pain, joint muscle, cough,

nausea

Folegatti, 2020  ChAdOx1 Participant-blinded; 534/543 Median age: 35 Male: 50.2% Pain swelling redness Chills, fatigue, fever, feverish,

[20] multicenter randomized itch induration headache, joint pain, malaise,
controlled trial phase I/11 tenderness nausea, muscle ache

Ramasamy, ChAdOx1 single-blind, 140/420 Median age, 18-55 years Pain, swelling redness chills, fatigue, fever, feverish,

2020 [25] randomized, controlled, group: 43.0 56-69 years group: itch induration headache, joint pain, malaise,
phase II/III trial 60.0 70 years and older: 73.0 tenderness nausea, muscle ache

Male,50.0%

Baden, 2020 mRNA-1273 phase III randomized 15179/15181 Mean age: 52.4 Male: 52.7% Pain, Erythema, Fever, Headache, Fatigue,

[18] observer-blinded Swelling, Myalgia, Arthralgia, Chills
placebo-controlled trial Lymphadenopathy Nausea, Vomiting

Walsh, 2020 BNT162b1 placebo-controlled, 21/84 Median age (BNT162b1): pain redness swelling fever fatigue chills

[27] observer-blinded, younger group:35 group: 69
randomized dose- BNT162b2: younger group: 37
escalation,phase I trial older group: 68 Male: 44.8%

Mulligan, BNT162b1 placebo-controlled, 9/36 Mean age: 35.4 Male: 51.1% pain redness swelling fever, fatigue, chills, headache,

2020 [23] observer-blinded, vomiting, diarrhea, muscle
randomized, Phase I/1I pain, joint pain
trial

Polack, 2020 BNT162b2 placebo-controlled, 18846,/18860 Median age: 52 Male: 50.6% pain redness swelling fever, fatigue, chills, headache,

[24] observer-blinded, vomiting, diarrhea, muscle
randomized, Phase III pain, joint pain
trial

Richmond, SCB-2019 placebo-controlled, 32/216 Mean age: 38.6 Male: 57% pain redness swelling fever, fatigue, chills, headache,

2020 [26] blinded, phase I trial itching vomiting, diarrhea, myalgia

Keech, 2020 NVX- randomized, placebo- 23/108 Mean age: 29.5 Male: 40% pain redness swelling fever, fatigue, chills, headache,

[21] CoV2373 controlled, phase 1/2 itching vomiting, diarrhea, myalgia
trial

Khobragade, ZyCoV-D randomized, placebo- 487/447 younger population: 12-17 pain redness swelling fever, fatigue, headache

2022 [34] controlled, phase III trial years itching
(first dose)

Khobragade, ZyCoV-D randomized, placebo- 923/924 older population: greater pain swelling myalgia, headache, fatigue,

2022 [34] controlled, phase III trial than60 years fever,

(first dose)

Masuda, 2022 NVX- randomized, placebo- 50/150 Mean age: 52.6 pain redness swelling fever, fatigue, chills, headache,

[35] CoV2373 controlled, phase 1/2 itching induration vomiting, diarrhea, myalgia
trial

Tabarsi, 2022 SpikoGen randomized, placebo- 89/311 Mean age: 35.69 pain redness swelling fever, fatigue, chills, headache,

[36] controlled, phase 2 trial itching induration vomiting, diarrhea, myalgia

control group. Risk of single systemic adverse reactions to the mRNA (RR = 1.90, 95% CI: 0.55-6.55) and headache (RR = 0.99, 95% CI:
vaccines, such as fever (RR = 8.35, 95% CI: 3.57-19.51), headache (RR 0.48-2.05) were not significantly higher than that in the control group.
=1.89, 95% CI: 1.20-2.62) and fatigue (RR = 1.95, 95% CI: 1.52; 2.51),
was significantly higher than that in the control group. Pooled RRs of
systemic adverse reactions to viral-vector vaccines, including fatigue
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Experimental Control

Study Total Events Total Events
Che 600 146 150 22
Wu 348 72 73 15
Xia (a) 1510 458 504 80
Xia (I) 144 42 48 10
Xia (1) 72 15 24 3
Xia (Il 336 76 112 19
Xia (II) 168 21 56 9
Zhang (1) 96 23 47 5
Zhang (Il) 480 128 120 24
Baden * 15168 13319 15155 7284
Baden ** 14677 13534 14566 6232
Polack 21621 5570 21631 2638
Walsh * 84 38 18 5
Walsh * 72 19 18 3
Ramasamy * 252 210 128 62
Ramasamy ** 252 181 128 69
Zhu 382 279 126 46
Khobragade (1) 447 23 487 15
Khobragade (Il) 924 11 923 24
Masuda (1) 150 90 50 6
Masuda (1) 150 112 49 6
Random effects model 57933 54413

Prediction interval
Heterogeneity: I = 92%, 1* = 0. 1037, p <0.01
Test for subgroup differences: y; = 26.13, df = 4 (p < 0.01)
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Fig. 2. The forest plot of pooled RRs of any adverse reaction following immunization for different types of vaccines.

3.3. Local adverse reaction

The RR of local adverse reactions following immunization with
mRNA vaccines was considerably higher than other types of vaccines.
The RR of local adverse events following immunization with inactivated
vaccine, mRNA vaccine, vector vaccine, DNA, and protein subunit
vaccine was 2.18 (95% CI: 1.32 - 3.59), 4.96 (95% CI: 4.02 -6.11), 1.48
(95% CI: 0.88-2.50), 1.04 (95% CI: 0.12-8.75), and 4.09 (95% CIL:
2.63-6.35), respectively. Pooled RRs of individual local adverse re-
actions to the inactivated vaccines were calculated to be 0.86 (95% CI:
0.33-2.20) and 0.62 (95% CI: 0.33-1.18) for swelling and pain respec-
tively which were not statistically significant. However, the RR of
occurrence of pain in the site of injection was calculated to be 2.52 (95%
CI: 1.53-4.14); the only significant adverse event following inactivated
COVID-19 vaccine injection. In addition, incidence of single local

adverse events to the mRNA vaccines, such as pain (RR = 5.39, 95% CL:
4.26-6.82), erythema (RR = 7.65, 95% CI: 3.94-14.86), swelling (RR =
10.6, 95% CI: 4.52-24.88) also higher than that of control group. Pooled
RRs of local adverse reactions to viral-vector vaccines such as pain (RR
= 3.29, 95% CI: 0.91-11.77), erythema (RR = 1.33, 95% CI: 0.67-2.65),
swelling (RR = 2.22, 95% CI: 0.33-14.88), were not significantly higher
than that in the control group. The results are shown in Table 2.

A high level of heterogeneity was observed for the group of mRNA
vaccines in the meta-analyses of total adverse reactions (12 = 98%),
systemic adverse reactions (I2 = 100%), and local adverse reactions (12
= 97%). Fig. 5 also shows the funnel plot of included studies. The plot is
symmetric which is considered as negative publication bias.
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Experimental Control

Study Total Events Total Events
Che 600 67 150 18
Wu 348 41 73 12
Xia (a) 1510 294 504 56
Xia (1) 72 4 24 1
Xia (II) 168 8 56 4
Zhang (1) 96 12 47 2
Zhang (Il) 480 61 120 15
Baden * 15168 8320 15155 6399
Baden *™* 14677 11652 14566 5323
Polack 21621 2421 21631 1922
Ramasamy * 252 164 128 50
Ramasamy ™ 252 126 128 50
Keech* 108 57 23 9
Keech ** 107 57 21 7
Masuda (1) 150 44 50 6
Masuda (Il) 150 75 49 6
Richmond * 120 35 30 3
Richmond ** 118 38 30 6
Tabarsi (1) 310 220 90 41
Tabarsi (Il) 307 177 86 34
Khobragade (1) 447 6 487 9
Khobragade (Il) 924 5 923 7
Random effects model 57985 54371

Prediction interval
Heterogeneity: /° = 98%, t° = 0.0524, p < 0.01
Test for subgroup differences: X: =6.96,df =4 (p=0.14)
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Fig. 3. The forest plot of pooled RRs of systemic adverse reaction following immunization for different types of vaccines.

4. Discussion

In the current meta-analysis on the adverse events following COVID-
19 immunization, we found different vaccine modalities are different
regarding the level of adverse events contributing to immunization.
mRNA vaccines are associated with a greater risk of any adverse events
and local adverse events following immunization. Protein subunit vac-
cines are associated with the greatest risk of systemic adverse events
followed by mRNA vaccines. In contrast, inactivated vaccines have the
least RR for any adverse events or systemic adverse events following
immunization. In addition, fever, fatigue and headache were the most
reported systemic adverse events. Pain, swelling and, redness at the site
of injection were the most reported local adverse events.

Numerous people around the world are getting vaccinated for

COVID-19. This mass vaccination has led to numerous concerns in the
public about the safety of these new vaccines. In response to these
concerns, immunization safety surveillance systems, such as the US
Vaccine Adverse Event Reporting System (VAERS) and China National
adverse events following immunization Information System (CNAEFIS)
[37], were launched at national or international levels to ensure effec-
tive monitoring of adverse events after COVID-19 vaccination.

Adverse reactions following immunization may be any undesirable
sign or symptom of disease and laboratory findings [38,39] including
local and systemic adverse reactions. Vaccines that present perfect ef-
ficacy against specific pathogens and induce limited or no adverse re-
actions are the ideal vaccines. However, practically and in clinical
settings, there is a chance that all vaccines induce some undesirable side
effects which do not necessarily have a causal relationship with



H. Kouhpayeh and H. Ansari

Experimental Control

Study Total Events Total Events
Che 600 91 150 4
Wu 348 41 73 3
Xia (a) 1510 160 504 16
Xia (I) 72 12 24 2
Xia (I) 168 15 56 i
Zhang (I) 96 15 47 4
Zhang (Il) 480 89 120 13
Baden* 15168 12765 15155 2997
Baden ™ 14677 13006 14566 2735
Polack 21621 3216 21631 525
Ramasamy * 252 172 128 45
Ramasamy ** 252 137 128 61
Keech * 108 68 23 7
Keech ** 107 59 21 4
Masuda (1) 150 76 50 3
Masuda (1) 150 103 49 3
Richmond * 120 38 30 1
Richmond ** 118 41 30 0
Tabarsi (1) 310 248 90 26
Tabarsi (Il) 307 209 86 14
Khobragade (1) 447 17 487 6
Khobragade (Il) 924 6 923 o
Random effects model 57985 54371

Prediction interval ;
Heterogeneity: I~ = 94%, 1~ = 0.4529, p < 0.01
Test for subgroup differences: y_: =2500,df =4 (p <0.01)
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Fig. 4. The forest plot of pooled RRs of local adverse reaction following immunization for different types of vaccines.

vaccination. The exact mechanism of adverse reactions following im-
munization is not clear in most cases and may be due to the component
of the vaccines such as adjuvant, stabilizers or preservatives [40].
Adverse events following immunization for COVID-19 are mostly mild,
similar to other previous vaccines. Severe adverse events (SAEs) are
rare, and usually were reported in some cases as hypersensitivity, acute
allergic reactions, urticaria and anaphylactic shock [41]. Acute allergic
reactions following immunization might be due to vaccine antigen,
preservatives and stabilizers in the vaccine formulation or residual
nonhuman protein. Yet local adverse reactions may be commonly
associated with IgE-mediated reactions and the active antigen in the
vaccine [42].

Vaccine-induced anaphylaxis shock is a rare adverse event, and for
most known and previous vaccines occurs in approximately one case per
million injections [43]. However, the incidence of Vaccine-induced

anaphylaxis with the COVID-19 mRNA vaccines (including Pfizer-
BioNtech and Moderna) was reported to be approximately ten times
higher than that reported in previous vaccines [41]. The mechanism of
this adverse reaction is still to be studied. Although it is suggested that
some people are at a higher risk for non-IgE related mast-cell activation
or complement activation due to some inactive components or products
of the vaccine manufacturing process of the vaccines such as lipid or the
polyethylene glycol (PEG)-lipid component [41].

The mRNA vaccines use a lipid-based nanoparticle carrier system
that prevents the rapid degradation of mRNA in vivo delivery. This
carrier system is further stabilized by a PEG 2000 lipid conjugate that
supplies a hydrophilic layer which prolongs the half-life [44,45]. The
Pfizer-BioNtech and Moderna vaccines are the first mRNA vaccines to
receive an Emergency Use Authorization (EUA). therefore, there is no
prior experience to explain the mechanism of allergic reactions
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Table 2
Incidence of local and systematic adverse reactions among vaccination group
versus control group.

Type of Reactions/Total RR 95% CI P
Vaccine .
Vaccination Control
Local adverse reactions (any) to different vaccine types
Pain
Inactivated 391/3754 42/1134 2.52 1.53; 4.14 55.5
mRNA 31924/ 5946/ 5.39 4.26; 6.82 92.7
38065 37519
Vector 573/1429 209/916 3.29 0.91; 11.77 94.8
Protein 517/832 40/220 3.3 2.08; 5.3 45.1
Subunit
DNA 16/1371 12/1410 1.33 0.4; 4.38 57.3
Swelling
Inactivated 21/3154 5/984 0.86 0.33; 2.20 0.0
mRNA 3843/38065 149/ 10.6 4.52; 24.88 88.7
37519
Vector 37/1429 13/916 2.22 0.33; 14.88 53.2
Protein 148/832 5/220 7.07 3.05; 16.37 0.0
Subunit
DNA 2/1371 5/1410 0.62 0.04; 9.16 50.6
Erythema
Inactivated 30/3754 12/1134 0.62 0.33; 1.18 0.0
mRNA 2126/37650 194/ 7.65 3.94; 14.86 93.3
37457
Vector 22/1429 18/916 1.33 0.67; 2.65 0.0
Protein 36/832 6/220 1.47 0.65; 3.35 0.0
Subunit
DNA 2/1371 4/1371 0.76 0.02; 34.5 69.5
Systemic adverse reactions (any) to different vaccine types
Fever
Inactivated 206/3754 46/1134 1.2292  0.7696; 0.0
1.9632
mRNA 3175/38365 128/ 8.3464 3.57; 19.51 94.9
37591
Protein 16/832 1/220 2.98 0.56; 15.85 0.0
Subunit
DNA 3/1371 0/1410 2.16 0.28; 16.71 0.0
Fatigue
Inactivated 88/3754 12/1134 0.85 0.55; 1.29 0.0
mRNA 2126/38365 194/ 1.95 1.52; 2.51 99.0
37591
Vector 22/1429 18/916 1.90 0.55; 6.55 94.7
Protein 356/832 58/220 1.65 1.31; 2.08 0.0
Subunit
DNA 2/1371 4/1410 0.30 0.06; 1.44 0.0
Headache
Inactivated 30/3154 12/984 0.97 0.45; 2.07 0.0
mRNA 2126/38365 194/ 1.89 1.20; 2.62 98.9
37591
Vector 22/1429 18/916 0.99 0.48; 2.05 95.2
Protein 277/832 53/220 1.36 1.06; 1.75 0.0
DNA 5/1371 5/1410 1.31 0.35; 4.95 0.0

RR risk ratios, CI confidence interval.
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Fig. 5. the funnel plot of included stydies.
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associated with mRNA vaccines.

Very few and sporadic cases of Bell’s palsy following immunization
with mRNA vaccines (Pfizer-BioNtech and Moderna) were also reported
in clinical trials [18,46]. However, there is no evidence that these cases
are causally related to mRNA vaccination and follow-up for long-term
safety of mRNA vaccines is needed [47,48]. Nevertheless, RNA-based
vaccines have the greatest efficacy among all types of vaccine modal-
ities until now. The efficacy had reached greater than 94%, due to their
effective presentation of SARS-CoV-2 antigens to the immune system
and strong immunogenicity [18,24]. Besides, RNA-based vaccines may
be more effective against mutant strains of SARS-CoV-2. As many of the
adverse events following immunization with mRNA vaccines are mild
and transient, RNA vaccines should be considered an excellent option to
protect against COVID-19.

Based on the current literature, several systematic review and meta-
analysis studies, regarding the efficacy and safety of COVID-19 vaccines,
have been recently conducted and pulished. A meta-analysis of 12
clinical trials have reported that the most common adverse event was
fatigue and heache, similar to our study [49]. The findings of other
studies show similar results and reported heacache, fatigue, and myalgia
as the most common systemic adverse events after injection and pain,
erythema, and swelling at the injection site as the most common local
adverse event [50-52]. It is also reported that the amount of reac-
tiogencity and adverse events is higher in particpinats who were injected
with RNA-based vaccines compared to other types [50]. It should also be
noted that none of these studies reported severe adverse events due to
COVID-19 vaccination. Hence, as the current literatue and findings of
this study suggest, mild and short adverse events such as pain, erythema,
swelling, heacache, fever, fatigue, myalgia, and in some cases diarhea
and arthralgia can be expreicned due to the onset of active immune
responses, however, these responses are generally mild and are usually
experienced for short durations. Hence, based on the high reported ef-
ficacy of vaccination in reducing the risk of hospitalization, ICU
admission, ventilation, and death, vaccination should be continued and
sudden onset of the aforementioned adverse events should be expected
[49,50,52,53].

Our study has some limitations and the result of this study should be
interpreted with caution. First, heterogeneity in some vaccine subgroups
was high, although we tried to decrease it by doing subgroup analyses.
Second, subgroup analysis was not feasible for some single adverse
events. Third, the sample size for viral-vector vaccines and protein
subunit vaccines was very lower than mRNA and inactivated vaccines.
Last but not least, we only included safety analysis in this study and we
did not include efficacy analysis, and efficacy is as important as safety (if
not more important) in making decisions about the right vaccine mo-
dality. The safety profiles of COVID-19 vaccines, even those currently in
use, are still incomplete and studies about the safety of vaccines are still
ongoing. Besides, the safety and efficacy of COVID-19 vaccines in certain
subgroups of population, such as children, pregnant women, and people
with underlying conditions, are remained to be studied.

Safety issues noted in mass vaccination may impend the global im-
munization program. However, the benefits of all types of vaccines
studied in this article, still outweigh the risks at the present moment.
Government agencies and decision-makers should continue to
encourage vaccination and reduce public vaccine hesitancy.

5. Conclusion

In conclusion, mRNA vaccines are associated with a greater risk of
adverse events following vaccination, but at the same time greater ef-
ficacy these vaccines showed in clinical trials. At the present moment the
benefits of all types of vaccines approved by WHO, still outweigh the
risks of them and vaccination if available is highly recommended.
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